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SUMMARY

The characteristiecs of Moon's radio emission are considered
at accounting of the effect of antenna radiation pattern. It is shown,
than when the pattern's width is more than 40', the received radio emis-
sion of the Moon is de facto integral. The results of calculations are
utilized for a more precise determination of the parameter gl_by the

experimental data.

* [

In order to determine the properties of the upper mantle of

of the loon by the character of its radio emission, received on different
antennas, it is necessary to establish the relationship between these pro-
perties and the observed characteristics of radio emission. At preseant the
guantitative relationship is established in two extreme cases, correspond-
ing to the width of antenna radiation pattern being much less or much more
than the angular dimensions of the Moon [1, 2]. The case is also considered
in [1], when the width of antenna radiation pattern equals the angular di-
mensions of the Moon. However, because of significant mathematical diffi-
culties, the computations of [1] were conducted at simplified assumptions
as regards the distribution of surface temperature. On the basis of cal-
culations of the thermal regime of Moon's superficial layer, conducted in

[3], the distribution function of surface temperature was established.
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The utilization of that function and of the corresponding theory in the
oresent work (see [1]) provided the possibility of establishing the gene-
ral theoretical correlations, linking among themselves the radio emission
of the center of the disk and that, averaged with the accounting of anten-
na radiation pattern. This will allow the comparison of experimental data

obtained with various radiation patterns.

1. - GENERAL CORRELATIONS

As is well known [1], during mecasurements of loon's radio emission
one determines only the effective temperature of the Moon averaged by the
radiation pattern
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vwhere T.(o, %, t) is the effective tempcrature of the portion of the surface
with selenorraphiec coordinates 9. 95 F(9, §) iz the radiation pattern of the
antenna, e:pressed in lunar coordinates. We shall assume that the antenna
radiation pattern, characterized by the width 6 on the half-level of power,
constitutes a body of revolution, that the pattern's axis passes through
the center of tke lunar disk, while the lateral lobes are absent. It is
practical to represent a radiation pattern, characterized by a single lobe,
by a Gaussian curve, The part of the radiation pattern by power, written

in lunar coordinates and bounded by Moon's angular dimensions, has, as is

easy to be convinced, the fornm

F(%, ¢) = exp [—- In2(1 — cos®2 cos? ¥) ‘1;—] , (2)
.:

vhere & is the width of antenna radiation pattern over half-level of power
expressed in radians, 4 is the mean angular ciameter of the Moon.

Inasmuch as the differential characteristics of Moon's radio emis-
sion are expressed most simply for the center of the lunar dusk, the radio
emiscsion of the lloon, averaged with the accounting of antenna radiation

pattern is easy to represent through radio emission of the disk's center,
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by introducing the appropriate conversion factors. Substituting in (1) the
correlation (2) ond the exprescion for T.(g,¢,%f) in the form of harmonic se-
ries (see for example [4]), and effecting the necessary transformatioms,
we shall obtain the expression for T.. through the effective temperature

of the center of lloon's disk. * :

Teo = (1—R1) B Tu(0) +(1 — R1) Y (—1)n X

(3)
X J&"— cos [ 21 — ¢, — (0, 0) — AL,]. |

V1425 o
Here (1—R,) is the emitting capability of the center of the disk,
3
£,(0, 0) =arct 2
< ) g1+8,,

is the shift in phase of radio emission of disk's center relative to sure
face heating. (1 —R.)%, T ond (I —R;) X TH0)B/V/ 1 F 28,4262  are res-
pectively tre constant component and the n-th harmonic averaged by coordi-
nates, taking into account of the pattern and the effective temperature.
The sisn of the n-th harmonic will be determined by the exponents
(n—1) (n—2)
@, = ————
2

The coefficient $,s iz given by the correlation

(n=1,23,4).
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the coefficient B, by

and the cormplementary shift in phase is AE,.=arCtg.(.B,,/A,,). The values of A,

an¢ By are expressed as follows @

—n i . n.(})cos?y cose dedy
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In the case under consideration, and contrary to [2], the averaging
factors depend on the width of the antenna racdiation pattern.

*
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in the correlations (6) and (7) the normalized dependences of harmonic

amplitudes on latitude (see for example [2]) =ore M ($), and

1 .
cosr’=——1/c—1+cos’pcos*
Ve

The exprecsion (3) allows to make use for the interpretation of
experimental data, obtained with arbitrary radiation patterns, of correla-
tions, well known for the center of the disk, irn connection with which it
is necescary to know the factors g, and B,, and the additional shift in
phase At,. The computatior oi thcse factors does not appear to be analyti-
cally possible and trat is why it was completed with the aid of a computer
for various valucs of ¢ A and for a broad interval of the quantity ¢

variation.

2.~ RESULTS CF CALCULATIONS

The dependences of the coefficients Bos, Bia, Bas, Pzs and Bw on
width of the pattern over half-level by power are plotteAd in Fig.1 -4,
As may be seen from these figures, when the radiation pattern width is >40¢,
the averaging factors P do not practically vary at further increase of o
and correspond to the values of the coefficients B,, obtained in [2] for
the integral radio emission, This means that for o> 40" the width of the
pattern does not have to be taken into account during the calculations of
the effective temperature of the Moon (that is postulate F (¢,¥) =14in the
correlations (1), (4), (6) and (7)), which corresponds to the case of inte-
gral radio emission of the lioon, considered by us earlier [2]. If the
width of the pattern is < 5', the coefficients Pgare near the unity, and,
consequently, the effective tenmperature corresponds in this case to the
brightness temperature at the center of the lunar disk.

As may be seen from Fig. l, the constant component of the effective

temperature depends on the value of the dielectric constant of the Moon's
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upper mantle and cdecrezses by about 5 percent when & varies from 1 to 3.
The first harmonic of radio emission depends on the dielectric constant
as well a2s on wcvelength A (Figs. 2 and 3).
As was shown by the conducted computations, the higher harmonics
of the effective temperature are quite weakly dependent on ¢ and A. ‘Then
the dielectric constant and the wavelength very within the limits ]2 < =<3
and 0,1<ig 10 cu the corresponding factors Bae (n=2, 3, 4) vary by no more
than 1 percent. In practical czlculatiorc of iloon's radio emission this
variation may be neglected and we mar estimate 3, Pic and B as independent
from A and t . The third and thc fourth harmonic of the effective tempera~-
ture decrease rapidly as the width of the pattern increases to a neglecting-
1y small value (Fir, 4). For a:4(’ only two harmonics are practically presant
in the received radio emiscicn., is follows from the computations conducted,
the factors f,s(case of arvitrary width of raciation pattern) can be repre-
sented witk & sufficient precision by the factors p, for the integral radio
enissisn of the “oon in the form of the simple analytical correlation
G'
Bna = (1 — 34) CXp [——ln27-] + B

On

The valu=s of tie coefiicients P" for various ¢ and A are determined from
Firs.1l = 4 (by the limit vulue of P"v‘ for 6 > 40' and the values of &p, 2T

not denen-ient on \ and assume the values compiled in Table 1.

TABLE 1
£ (yr.v.a‘;uu.) (yu.’nun.) (yu.':uu.) (yrx.":uu.) (yra.°=uu.)
1,05 16,5 — — — _
1,2 17,0 — — — —
1,5 17,5 17,5 14,5 130 10,0
3.0 18,0 16,5 14,5 130 10,0

The averaged effective temperature, taking into account the radiation pattern,

lags relative to the variation of the brightness temperature of the center

of tiae lunzr disk.

The addition~1 shift in phase

occurring at averagsing, does not exceed

~— 39, provided o> 40 (case of integral radio emission of the Moon), and

is cvvarently caused by the irregularity of lunar surface's heating, As the

rzdiation pattern width decreascs the quantity A€ decreases and may be

nerl=ctea,




i’e brought out in ris. 5, as an example, thes phase dependences of
Moon's effective temnerature, computed for various & and numerical values
of Tp (0) and ¥y, corresvonding to Y = (K ’)e).’é = 400 [6], clearly denon-

strating the eff:ct of the averagins action  of antemna radiation pattern.

T!s {°K) Mt

- . deg.
) 180 mw 30 Qt (2p0g)
Fip, 5, =~ Fhase dependence of Moon's radio emission

in O.,4cm wavelength for various vzalues of the width ¢
of radiation pattern,

3. - SOME CONCIUSIONS

The results obtained allow a more precise calculation of the cha-
racteristic parameterxr 81 by experimental data obtained with any radiation
pattern. As is well known, when investigating experimentally the Moon's
radio emission in wavelengths < 10cm, the radio of the constant component
of the effective temperature to the amplitude of the first harmonic is

deternined :

Msxcu = Teol;feb (8)
The very same ratio, obtained during our calculations, is

Mteop_ I/I -+ 281 -+ 2’:;? . (9)

Eguating (8) and (9) and taking into account, according to [5), that
To (0) /T1 (0) == 1,5, we shall obtain a correlation for the determination



of the parameter 81 from the observation data:

ViTan 7 om = Mo B
],5 ,313
For &= 1,5 (see for example L4]), the calculation of the parameter
81 wes mace z~cording to the available experimental data. The results of

tiiat cslculation are compiled in the Table 2 hereafter.

TABLE 2
. ' s T, T M [ 8 3
{em. P MitH.) (a?(', (oK‘;‘ Iken (1] T & &\ 4/ Ref.
H %d M A .
oas 10 216 120 18 1099 | 096 | 02 1.4 1,1 [
0.iv | 6 240 115 208 [ 0,45, 099 | 035] 1,95] 1,95 |7
o4 . 25 230 73 3151095 JORS | 0737 180 — [®
0. 16 2’8 85 27 |1 i 067 { 1.7 1.97 [®
Ui an Al 54 N ] 0,135 081 047 1 2,40 -—_— 10
TR 18 197 K 616G 1 096 1 091 | 220§ 27 — it
R 2 211 40 H28 1 1 1 1,951 24 | 24 13
0,50 12 18U 35 51410985097 | 18 | 21 — 13
20 45 215 36 60 10935] 085 | 20 1,6 1.6 e
1,63 1 26 24 36 6221095 | 089 | 22 1,35 | — 16
1.6 44 208 37 5,63 | 0,935] 0,86 1,9 1,2 1,35 14
1.6 ! 44 207 32 6,47 {1 0,925 086 | 23 1,45 — 17
20 4 140 20 95 11 099 | 39 1951 1, 18
315 9 145 12 162 [ 0,9 | 09sd} 7.1 225 H 18
32 6 223 17 13,1 0995, 0,995 5,6 176 | — 2
37 40 245 1556 [ 161 {094 | 088 | 66 | 205 20 21
3.2 72 210 135 1155 10,93 {085 | 63 1971 — 2
32 1 87 213 14 152 {093 [08 {61 |19 | — 2
9.6 i 100 218 7 31 093 | 087 1132 1,4 1.4 2]
/

It may be s~en from the Toble 2 that the mean value of the ratio 81
is near 2. A certair decrease is observed in wavelengths 0,13 and 1.6 cm,
which is apvarently caused by the increase in the absorption coefficient

of tnese rzdiowaves in tLhe lunar matter, In order to clarify the nature of
this effect, the carryingz out of additional measurements in close wavelengths
is desirable. In the 9,6 cm wavelength the variable component of radio
emission is nuite small ancd the parameter 51 is measured with a greater
error tran in other wavelengths,

The author is grateful to V. G, Ryabikova for programming the problem.

*#x THDI END x%»
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